Introduction
============

Stroke accounted for approximately 1 of every 18 deaths in the United States in 2008 and a substantial proportion of those deaths occurred during hospitalization.[@B1] Ascertaining stroke severity and predicting risk of in-hospital mortality is crucial for objectively assessing stroke outcome and for advising patients and families about potential medical decisions.

A variety of scores have been developed for assessing acute ischemic stroke severity and outcome in the acute setting.[@B2],[@B3],[@B4],[@B5] The most widely used and validated stroke scale is the National Institutes of Health Stroke Scale (NIHSS), which has been demonstrated to accurate establish stroke severity and prognosis in the context of clinical practice and clinical trials.[@B6],[@B7] However, its use can be challenging for non-stroke health care personnel because of its relative complexity. In fact, some attempts have been made to develop simplified versions of NIHSS, but these versions are seldom used.[@B8],[@B9] With the aim of overcoming the relatively complexity of the NIHSS, some international stroke registries have used the number of neurological deficits on admission as a proxy of stroke severity.[@B10],[@B11] Although the ideal scenario is the one of a widespread use of the NIHSS and other well established scales, a simpler and easier to administer score based on the presence or absence of readily identifiable neurological signs and symptoms would be useful for every-day clinical practice in regions and centers where health care professionals are not familiar or certified for administering the NIHSS.

The aim of this exploratory study was to develop and test the validity of a new and simple stroke score, the 6S (Stroke Severity Score based on Six Signs and Symptoms), for quantifying the severity and predicting in-hospital mortality of acute ischemic stroke.

Methods
=======

Patients and data collection
----------------------------

We prospectively assessed 210 patients with diagnosis of acute ischemic stroke consecutively admitted to our hospital between January 1st, 2007 and December 31st, 2011. We excluded 64 patients with diagnosis of transient ischemic attack (TIA) and 28 with intracerebral hemorrhage (ICH). We also excluded 142 cases of ischemic stroke occurred within 30 days after a surgical procedure and 15 patients treated with recombinant tissue plasminogen activator. We defined acute ischemic stroke as new focal or global neurological deficit, with the accompanying evidence of acute cerebral infarction on magnetic resonance imaging (MRI) or computed tomographic (CT) scanning.[@B12] Infarct size was classified into ≤15 mm or \>15 mm. We prospectively recorded the NIHSS score on admission, during hospital stay, and upon discharge for each patient. Neurologists administering the NIHSS were trained by using the NIHSS videos. We documented the following nine signs and symptoms upon admission in patients with less than 24 hours since acute ischemic stroke onset: (1) impaired level of consciousness (LOC), (2) motor deficit, (3) sensory deficit, (4) aphasia, (5) dysarthria, (6) visual defects (either amaurosis or hemianopia), (7) neglect, (8) ataxia, and (9) cranial nerve deficits excluding peripheral facial nerve palsy. We also collected demographic data and information about vascular risk factors, comorbidities, and neuroimaging studies (either CT or MRI).

The outcome measure was in-hospital mortality defined as death occurring between admission and before discharge.

Development of 6S score and statistical analysis
------------------------------------------------

We divided the original cohort of 210 acute ischemic stroke patients into two groups. The derivation sample was named \"Group A\" and comprised 120 randomly selected cases. The random selection of cases was done with the \"RAND\" function in Microsoft Excel (Microsoft Excel 2011 for Macintosh, Redmond, WA, USA). The validation sample, or \"Group B\", included the remaining 90 patients.

We performed a univariate analysis for identifying signs and symptoms related to in-hospital mortality in the derivation sample and we calculated the positive likelihood ratio of the selected signs and symptoms for in-hospital mortality. Finally, we used those signs and symptoms with a likelihood ratio\'s *P*\<0.2 to develop the score by assigning the nearest integer (i.e. 2 for a likelihood ratio of 2.3 and 3 for a likelihood ratio of 2.6).

Validity for prediction of in-hospital mortality
------------------------------------------------

We tested the validity of the 6S Score by developing receiver operating characteristic curves (ROC curves) in the validation sample. We used the area under the curve (C statistic) of the independent variables (signs and symptoms) for in-hospital mortality with their respective 95% confidence interval (95% CI) and significance values based on assumptions of nonparametric distribution, to estimate the sensibility and the specificity of the score. Due to the widespread use of the NIHSS we expected to find no differences in terms of prediction of in-hospital mortality between the 6S score and the NIHSS. To this end, we compared the ROC curves of the 6S Score and the NIHSS by using the method developed by Hanley & McNeil.[@B13] We used the Jonckheere-Terpstra trend test to assess the differences in trends of in-hospital mortality across tertiles of 6S Scores.

Analysis
--------

We considered the NIHSS as the gold standard for stroke severity. We used a two-tailed Spearman test and a scatterplot to examine the correlation between the 6S Score and the NIHSS for assessing stroke severity. We used principal component and exploratory factor analyses to compare the underlying clinimetric structure of both cohorts, and to assess the homogeneity of the 6S score in terms of stroke topography (i.e. left vs. right hemispheric lesions and anterior vs. posterior vascular territories). We first developed a scree plot to identify the number of factors with eigenvalues greater than 1.[@B14] We used aphasia as marker of impairment of the anterior circulation within the left hemisphere. The presence of high values (loading) for aphasia in the principal component analysis would thus reflect an imbalance towards the left hemisphere and/or the anterior circulation. Statistical analyses was done with IBM SPSS Statistics 20 package for Macintosh®.

Ethical considerations
----------------------

The Institutional Ethics Committee approved the study protocol. We conducted the study in accordance with Good Clinical Practice, all applicable subject privacy and confidentiality requirements, and the guiding principles of the declaration of Helsinki. We anonymized data by removing personal details, thus written informed patient consent was not necessary according to regulatory laws.

Results
=======

As shown in [Table 1](#T1){ref-type="table"}, six of the nine investigated signs and symptoms were included in the 6S score: impaired level of consciousness (4 points), impairment of cranial nerves (3 points), visual defects (2 points), sensory deficit (2 points), motor deficit (2 points), and aphasia (2 points). As a result, the maximum and minimum possible values assigned to a patient could range between 15 and 0, respectively.

The area under the curve of the ROC for in-hospital mortality was 0.82 for the 6S Score ([Figure 1](#F1){ref-type="fig"}) and 0.86 for the NIHSS, respectively. The comparison between ROCs of the 6S Score and the NIHSS showed no differences (*P*=0.79). There was a significant increasing in-hospital mortality trend across tertiles of 6S Score (*P*\<0.001, [Figure 2](#F2){ref-type="fig"}).

The 6S Score showed a good correlation with the NIHSS: Spearman\'s rho=0.68, R^2^=0.56, *P*\<0.001.

The scree plot showed that the number of factors with eigenvalues \>1, explaining considerable amounts of variance, were three ([Figure 3](#F3){ref-type="fig"}). The principal component and exploratory factor analyses revealed a similar distribution of the factors among signs and symptoms across the derivation and validation cohorts ([Table 2](#T2){ref-type="table"}). These analyses also showed low values for aphasia and high values for impairment of cranial nerves. There were no differences in the mean 6S Score values between left and right hemispheric infarcts (3.4±2.0 vs. 4.7±2.8, *P*=0.12) or between anterior vs. posterior circulation (3.9±2.6 vs. 4.7± 2.4, *P*=0.41).

There were no differences in demographic data, vascular profiles, stroke severity and outcome between the derivation and the validation cohorts ([Table 3](#T3){ref-type="table"}).

Discussion
==========

Predicting mortality in the acute setting of ischemic stroke remains a challenge in clinical practice and continues to stimulate researchers to develop new and more accurate prognostic tools. While the goal of improving accuracy seems to have been achieved, the \"dark side\" of precision may be the complexity of administering those scores. The NIHSS needs specific training and investigators are usually required to be certified before administering the scale in almost every clinical trial.[@B15] The iScore is a relatively new tool that has shown excellent prediction of 30-day and 1-year stroke mortality rates and is being increasingly used.[@B16] However, it requires the use of the Canadian Stroke Scale for assessing stroke severity, laboratory data on admission (i.e. glucose), identifying stroke subtypes (i.e. lacunar vs. non-lacunar), and knowing the premorbid status and some pre-existing conditions (i.e. preadmission disability, and history of cancer, renal dialysis, myocardial infarction, smoking, congestive heart failure, and atrial fibrillation), which may result in barrier for its utilization in the acute setting.[@B16] As a result, applying these widely accepted and highly-reliable scores in centers where training is not available or where resources are scarce constitutes a challenge and a barrier for a more generalized use.[@B10],[@B11] Developing the simplest possible score for assessing stroke severity and mortality would still be useful less experienced clinicians around the world.

In the present exploratory study, we developed a simple prognostic score for assessing stroke severity and in-hospital mortality in the acute setting of acute ischemic stroke. The 6S Score showed a good level of discrimination for in-hospital ischemic stroke mortality with no significant differences when compared with the NIHSS (C statistic=0.82 vs. 0.86, *P*=0.79). These values are similar to those found in a model derived and validated within the Get With The Guidelines-Stroke Program (C statistic=0.85) and in a model only including the NIHSS within the same study (C statistic=0.83), meaning that the NIHSS was probably reliably administered in our study.[@B17] We also found a increasing in-hospital mortality rates with increasing tertiles of the 6S Score (*P*\<0.001).

In terms of stroke severity, there was a good correlation between the 6S Score and the NIHSS (Spearman\'s rho=0.68, R^2^=0.56, *P*\<0.001), and the underlying clinimetric structure of the 6S Score was consistent across the derivation and validation cohorts, as demonstrated by the similar composition of factors in both cohorts in the factor analyses. One of the problems of scores assessing stroke severity is that they may assign higher values (more severity) to those affecting the left hemisphere.[@B18] Aphasia, the only lateralizing symptom in the 6S Score, showed relatively low values in the factor analysis, meaning that the overall impact of left hemispheric strokes was balanced. Moreover, there were no differences when comparing scores of patients with strokes localized within the left or right hemispheres. Another relative limitation of some scores is that they may assign higher scores for anterior circulation strokes than for those involving the posterior circulation.[@B19] In the factor analyses of the 6S Score, the impairment of cranial nerves, as a marker of impairment of the posterior circulation, showed relatively high values (i.e. 0.930), meaning that the weight of posterior circulation manifestations in the overall result was significant. This balance between anterior and posterior circulation strokes was further demonstrated with the lack of difference in the mean 6S Score values between strokes involving the anterior and posterior circulation.

This study has several limitations. First, the number of patients was low. Clinically accepted and currently used scores have been derived and validated from cohorts with larger numbers of patients.[@B5],[@B16] However, our study is exploratory in nature, and intended to generate the basis for further confirmation of a potentially useful tool for the rapid assessment of ischemic stroke short-term prognosis. Moreover, we used the factor analyses, aimed at qualitatively evaluating the robustness of the component of the score. Second, the score lacks external validation, which is crucial before being considered as a potential score for use in clinical practice. Third, we did not include variables that may have significantly improved the discrimination and calibration of the 6S Score (i.e. prior comorbidities, results of neuroimaging studies, etiology of the ischemic stroke). However, this was in line with our objective to develop the simplest score possible by using readily recognizable neurological signs and symptoms. Fourth, our cohort is hospital-based. As such, it could be not representative of other populations. As mentioned before, an external validation is mandatory before considering this score as a reliable clinical instrument. Fifth, in-hospital stroke mortality may not reflect the prognosis at other points in time such as 30-day or 1-year mortality, which may be more relevant from the public health perspective. Finally, as long-term follow-up data were not available, we were not able to assess the usefulness of the score for predicting functional outcome (i.e. modified Rankin scale at 3 months).

In summary, we have developed the 6S Score a simple tool for assessing ischemic stroke severity and in-hospital mortality on the basis of signs and symptoms noted upon admission. The score is not intended to replace any of the currently used prognostic tools but is aimed at providing physicians not trained in the use of more sophisticated scales with a readily available tool to be used for clinical purposes. It is also intended to be used when clinical, laboratory, or neuroimaging data needed for other scores, are not fully available. Further research is necessary for validating our exploratory results.
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